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(57) Abstract 

The present invention relates to the discovery of novel insect receptor polypeptides, which modulate transcription of cer- 
tain genes by binding to cognate response elements. The novel receptors of the invention are activated when the cells are exposed 
to retinoic acid. The invention provides DNAs encoding the novel receptors; expression vectors; cells transformed with such ex- 
pression vectors; cells co-transformed with such expression vectors and with test vectors to monitor activation of the receptors to 
modulate transcription; and methods of using such co-transformed cells in screening for compounds which are capable of activa- 
tion of the receptors and for compounds capable of interfering with such activation as potential potent insecticides. The invention 
also provides DNA and RNA probes for identifying DNA's encoding retinoid receptors of insects and other animals as shown in 
the figure, to which the novel receptors of the invention belong. 
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INSECT RETINOID RECEPTOR COMPOSITIONS AND METHODS 

TECHNICAL FIELD 

Th present inventi n concerns novel, ster id- 
honnone-receptor-like proteins and methods of making and 
using same. 

~5 More^particularly, the-invention- relates— to 

such proteins that occur in insects and that have 
transcription-modulating effects, at affected promoters, 
that are responsive to the presence of retinoic acid and 
other retinoids and vitamin A metabolites in the media 

10 bathing insect cells that harbor the proteins. 

BACKGROUND OF THE INVENTION 

The retinoids comprise a group of compounds 
including retinoic acid, retinol (vitamin A), retinal, 

15 retinyl acetate, retinyl palmitate, and a series of 
natural and synthetic derivatives of these compounds, 
that together exert profound effects on development and 
differentiation in a wide variety of systems. Although 
early studies focused on the effects of retinoids on 

20 growth and differentiation of epithelial cells, their 
actions have been shown to be widespread. Many recent 
studies have examined the effects of these molecules on a 
variety of cultured neoplastic cell types, including th 
human promyelocytic leukemia cell line, HL60, where 

25 retinoic acid appear to be a potent inducer of 

granulocyte differentiation. In F9 embryonal carcinoma 
cells, retinoic acid will induce the differentiation of 
parietal endoderm, characteristic of a late mouse 
blastocyst. Retinoic acid, also appears to play an 

30 important role in defining spatio-temporal axes in the 
developing uvirm limb and the regenerating amphibian 
limb. 

Retinoic acid has been shown to induce the 
transcription f s veral cDNAs whose gen products have 
35 been isolated by diff r ntial sere ning, supporting the 
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hypothesis that r tinoic acid exerts its action via 
modulation of gen expression , mediated by a rec ptor 
protein, in a fashion analogous to the means by which 
steroid and thyroid hormones inf IBSw&KnGBSSxryeMaevvt ~ 
5 genes. 

The ability to identify compounds able to 
affect transcription of insect genes could be of 
significant value in identifying compounds useful as 
insecticides. Of significance in this regard would be 

10 the identification of receptor proteins which modulate 
transcription of insect genes. 

Systems useful for monitoring solutions, body 
fluids and the like for the presence of retinoic acid, 
vitamin A or metabolites of the latter would be of value 

15 in various analytical biochemical applications and, 
potentially, medical diagnosis. 

Through molecular cloning studies it has been 
possible to demonstrate that mammalian receptors for 
steroid, retinoid and thyroid hormones are all 

20 structurally related and comprise a superfamily of 
regulatory proteins that are capable of modulating 
specific gene expression in response to hormone 
stimulation by binding directly to cis-acting elements 
(Evans, Science 240, 889 (1988) ; Green and Chambon, 

25 Trends genet. 4, 309 (1988)). Structural comparisons and 
functional studies with mutant receptors have made it 
possible to discern that these molecules are composed of 
a series of discrete functional domains, most notably, a 
DNA-binding domain that is composed typically of 66 - 68 

30 amino acids, including two zinc fingers, and an 

associated carboxy terminal stretch of approximately 250 
amino acids which comprises the ligand-binding domain 
(revi wd in Evans, supra) . 

An imp rtant advanc in the characterization of 

35 this family has been the d lin ati n f a gr wing list of 
gene products isolated by low-stringency hybridization 
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t chniques which possess the structural featur s of 
hormon receptors. A retinoic acid dependent 
transcription factor, ref rred to as RAR-alpha (retinoic 
acid receptor-alpha) , has been identified. Subsequently, 
5 t wo addit i onal RAR-related genes have been isolated , and 
there are now at least three different RAR subtypes 
(alpha, beta and gemma) known to exist in mice and 
humans. These retinoic acid receptors (RARs) share 
homology to the superfamily of steroid hormone and 

10 thyroid hormone receptors and have been shown to regulate 
specific gene expression by a similar, ligand-dependent 
mechanism (Umesono et al., Nature 336, 262 (1988)). 
These RAR subtypes are expressed in distinct patterns 
throughout development and in the mature organism. 

15 Recently, another retinoic acid-dependent 

transcrip-tion factor, designated RXR-alpha, has been 
identified in cDNA libraries prepared from human cells. 
RXR-alpha differs significantly in primary amino acid 
sequence from human RAR-alpha and other known members of 

20 the mammalian steroid/ thyroid hormone superfamily of 

receptors. RXR-alpha is activated to effect trans-acting 
transcription activation ( M trans-activation") in 
mammalian and insect cells exposed to retinoic acid and 
retinal and mammalian cells exposed to a number of 

25 synthetic super-ret ino ids. The dose-response of trans- 
activation by RXR-alpha in CV-1 monkey kidney cells 
exposed to retinoic acid differs significantly from that 
by human RAR-alpha. See commonly owned, co-pending 
United States Patent Application Serial No. 07/478,071, 

30 filed February 9, 1990, which is incorporated herein by 
reference . 

Other information helpful in the understanding 
and practice of the present invention can be found in 
commonly assigned, co-pending United States Patent 
35 Application S rial Nos. 108,471, fil d October 20, 1987; 
276,536, filed November 30, 1988; 325,240, filed March 
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17, 1989; 370, 407 , filed June 22, 1989; and 438,757, 
filed N vember 16, 1989, all of which are incorp rat d 
herein by reference. 

As~wiTI~ &e~detatled^f urther-belowy *aie 

5 receptors of the invention modulate transcription of 
genes by binding to thyroid hormone response elements 
positioned operatively, with respect to the promoters of 
the genes, for such modulation to occur upon the binding 
of the receptor. Among such thyroid hormone response 
10 elements are TREp, the beta-retinoic acid response 

element and closely related elements (see Application 
Serial Ho. 438,757, filed November 16, 1989), and the 
estrogen response element (see Application Serial No. 
325,240, filed March 17, 1989). 

15 

SUMMARY OF THE INVENTION 

Me have discovered in insect cells novel 
receptors which are activated to modulate transcription 
of certain genes in such cells, when the cells are 

20 exposed to a retinoid, such as retinoic acid, retinol, 
retinal, retinyl acetate, or retinyl palmitate. The 
novel insect receptors differ significantly from the 
known RAR-alpha, beta and gamma receptors in primary 
sequence but share significant homology with RXR-alpha. 

25 One of the receptors of the invention, XR2C, 

from Drosophila melanogaster , has been mapped to the 
Drosophila ultraspiracle locus, a locus known to be 
required both maternally and zygotically for pattern 
formation. Thus, compounds which interfere with, or 

30 otherwise alter, trans-activation by the receptors of the 
invention would be expected to be insecticidal . 

The invention provides DNAs encoding the novel 
insect receptors, including expression vectors for 
express! n of the receptors in animal cells, especially 

35 ins ct cells, transform d with such xpr ssi n v ctors, 
cells co-transformed with such xpr ssion v ctors and 
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with test vect rs to monitor activation of th r ceptors 
to modulate transcription, vh n the cells are exposed to 
a compound which leads to such activation, and methods 
of using such co-transformed cells in (1) assaying fluids 

5 ex posed t o the cells for the p resence o f compounds J>*jN# 

retinoic acid) capable of activating the receptors for 
transact ivation, (2) screening for compounds which are 
capable of leading to such activation of the receptors , 
and (3) screening for compounds which are antagonists of 

10 transact ivation by the receptors (i.e., compounds capable 
of blocking trans-activation by the receptors in cells 
exposed to both the blocking compound and a compound 
(e.g., retinoic acid) that would normally activate the 
receptors to trans— activation) . Such antagonists of 

15 transact ivation are likely to be toxic or lethal to 
insects . 

The invention also provides DNA and RNA probes 
for identifying DNA 1 s encoding RXR's, and particularly 
insect RXR»s (i.e., receptors of the same class as human 

20 RXR-alpha, including XR2C of the present invention). 

The invention also provides a method for making 
the receptors of the invention by expressing in bacteria 
DNAs, which encode the receptors. These bacterially 
produced receptors are useful for assessing the ability 

25 of receptor agonists or antagonists to bind to the 
receptor. 

Animal cells, and especially insect cells, 
accoding to the invention, in which receptors are 
expressed from DNAs of the invention, can be employed, as 
30 more fully taught in the examples, in assaying fluids for 
the presence of retinoic acid. 

As indicate, above, animal cells, and 
especially insect cells, of the invention can also be 
employed to screen compounds of potential value as 
35 insecticides. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows th coding sequence of a DNA 
segment which comprises a segment encoding XR2C, a 
~~ receptor polypeptide according~tc i the— invetionv —The 
5 Figure also shows the amino acid sequence of XR2C. In 
said amino acid sequence, the 66-amino acid DNA binding 
domain is amino acids 104 - 169. The DNA segment, whose 
sequence is shown in Figure 1, is the segment (but for 
the EcoRI site overhangs) inserted at the EcoRI site of 
10 pBluescript" phagemid SK(+) to make pXR2C8, a DNA of the 
invention. 

Figure 2 shows the extent of amino acid 
identity (i.e., "homology") between the DNA binding 
domain ("DNA") and ligand binding domain ("LIGAND") of 

15 XR2C (designated in the Figure as "USP" because it is the 
product of the ultraspiracle locus of D. melanogaster) 
(taken to have 100 % identity in both domains) and the 
corresponding domains of human RXR-alpha, human retinoic 
acid receptor-alpha (hRAR-alpha) , and human 

20 glucocorticoid receptor (hGR) . The numbers outside the 
boxes in the Figure are the numbers, in the primary 
sequences of the proteins, of the amino acids defining 
the two domains and the amino- and carboxy-tennlni . 

25 DETAILED DESCRIPTION OF THE INVENTION 

The invention concerns novel polypeptides, 
which (1) in an insect cell in culture, the medium of 
which comprises retinoic acid at a concentration greater 
than about 5 x 10* 7 K, increase the rate of transcription 

30 from a promoter linked to TREp operatively for activation 
of transcription by hRXR-alpha; and (2) has a DNA binding 
domain of about 66 (i.e., 64 - 68) amino acids with 10 
Cys residu s, mor than ab ut 75 % amin acid identity in 
c mparis n with the DNA binding domain of hRXR-alpha and 

35 less than ab ut 60 % amin acid identity in comparison 
with the DNA binding d main of hGR. 



Thus, the invention entails a double-stranded 
DNA which comprises a segment, which consists of a 
continuous s quence of double-strand d, amino-acid- 
encoding triplets including, at its 5' -end, a triplet 
encoding-a— translationa!— start-codon and at-its~3A-end,- 
a triplet encoding a translational stop codon, said 
continuous sequence encoding a polypeptide which: (1) in 
an insect cell in culture, the medium of which comprises 
retinoic acid at a concentration greater than about 5 x 
1(T 7 M, increases the rate of transcription from a 
promoter linked to TREp operatively for activation of 
transcription by hRXR-alpha; and (2) has a DNA binding 
domain of about 66 amino acids with 10 Cys residues, more 
than about 75 % amino acid identity in comparison with 
the DNA binding domain of hRXR-alpha and less than about 

60 % amino acid identity in comparison with the DNA 
binding domain of hGR. 

Further, the invention encompasses a DNA 
according to the invention which is an expression vector 
which is operative in an animal cell (preferably an 
insect cell) in culture to make the protein encoded by 
the continuous sequence of amino-acid-encoding triplets 
in the DNA by expression of said continuous sequence in 
said cell. 

Further, the invention entails an animal cell 
(preferably an insect cell) in culture which is 
transformed with an expression vector, which is operative 
in the cell to make a polypeptide, by expression of a DNA 
segment, which consists of (a) a continuous sequence of 
double-stranded, amino acid-encoding triplets including, 
at the 5«-end, a triplet encoding a translational start 
codon, the sequence of amino acids encoded by said 
continuous sequence of triplets being the primary 
sequence of the polypeptide, and (b) at the 3' -end, a 
triplet encoding a translational stop codon, the 
polypeptide: (1) in an insect cell, in a culture, th 
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medium of which comprises retinoic acid at a 
concentration greater than ab ut 5 x 10" 7 M, increasing 
the rate of transcription from a promoter linked to TREp 
operatively for activation of transcription By liRXR- 
5 alpha; and (2) having a DNA binding domain of about 66 
amino acids with 10 Cys residues, more than about 75 * 
amino acid identity in comparison with the DNA binding 
domain of hRXR-alpha and less than about 60 % amino acid 
identity in comparison with the DNA binding domain of 
10 hGR. 

Among the animal cells of the invention are 
those which are co-transformed with a test vector which 
comprises (a) a promoter that is operable in the cell, 
(b) a thyroid hormone response element, and (c) a DNA 

15 segment encoding a reporter protein, said reporter- 
protein-encoding DNA segment linked to said promoter 
operatively for transcription therefrom and said thyroid 
hormone response element linked to said promoter 
operatively for increasing transcription therefrom upon 

20 binding at said response element of the protein made by 
expression from the expression vector, said cell being 
such that the rate of production of said reporter protein 
in a culture of said cells, in the medium of which 
retinoic acid is present at 5 x 10' 7 M, is significantly 

25 increased (i.e., increased by more than the experimental 
error in the measurement) over said level of production 
in a culture of the cells, in the medium of which 
retinoic acid is present at 10" 8 M. 

The invention also entails a method of testing 

30 a compound for ability to activate the transcription- 
activating effects of a polypeptide, which (1) in an 
insect cell in culture, the medium of which comprises 
r tin ic acid at a concentration greater than ab ut 5 x 
10" 7 M, increases the rate of transcription from a 

35 promoter linked to TREp operatively f r activation of 
transcription by hRXR-alpha; and (2) has a DNA binding 
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domain f about 66 amino acids with 10 Cys residues, m re 
than about 75 % amino acid identity in comparison with 
the DNA binding domain of hRXR-alpha and 1 ss than about 
60 % amino acid identity in comparison with the DNA 
-binding-domain-of_hGR,_vhich^met^ 



adding, to a first concentration, said compound to the 
culture medium of a first culture of animal (preferably 
insect) cells, which are co-transformed with (i) an 
expression vector, which is operative in the cells to 

10 make said polypeptide and (ii) a test vector, which 

comprises (a) a promoter that is operable in the cells, 
(b) a thyroid hormone response element, and (c) a DNA 
segment encoding an reporter protein, said reporter- 
protein-encoding DNA segment linked to said promoter 

15 operatively for transcription therefrom and said response 
element linked to said promoter operatively for 
increasing transcription therefrom upon binding at the 
element of the polypeptide made by expression from the 
expression vector, said cells being such that the rate f 

20 production of said reporter protein in a culture of the 
cells, in the medium of which retinoic acid is present at 
5 x 10~ 7 M, is significantly increased over said level of 
production in a culture of the cells, in the medium of 
which retinoic acid is present at 10" 8 M, and (B) 

25 comparing the rate of production of said reporter protein 
after addition of the compound to said first culture to 
said first concentration with the rate of production of 
said reporter protein in a control culture of said cells, 
to which the compound is added to a second concentration 

30 that is signficantly (i.e.; measurably) different from 
said first concentration. Preferably, in this method of 
the invention, said first culture and said control 
culture are two subcultures of a common culture and said 
second concentration is 0. 

35 The invention entails also a method of testing 

a first compound f r ability to affect trans-activation, 
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by a recept r f the invention as activated by a s cond 
compound, known to activate trans-activation by the 
receptor. T h is met ho d is carrie d out using at least two 
(i.e., a first and a "second) culture of an afiimal 
5 (prefereably insect) cell of the invention, which is co- 
transformed with an expression vector, from which the 
receptor of the invention is made, and a test vector, as 
described supra wherefrom an indicator protein (i.e., a 
reporter protein) is made at a rate dependent on trans- 
10 activation through binding of activated receptor to a 
thyroid hormone response element. In the method, the 
ratio of the concentration of the first compound to that 
of the second compound differs in each of the cultures. 
The affect of the first compound on transactiva-tion by 
15 the receptor activated by the second compound is assessed 
by comparing the rate of production of the reporter 
protein in the various cultures. The preferred second 
compound is retinoic acid, but other retinoids or any 
compound known (e.g, from the test method of the 
20 invention described in the immediately preceding 

paragraph) to activate trans-activation by the receptor 
of the invention can be employed as second compound. 
First compounds identified in this testing method of the 
invention as affecting trans-activation, and especially 
25 those that block or antagonize activation of trans- 
activation, are likely to be useful as insecticides. 
This method of testing of the invention can also be 
defined as follows: A method of testing a first compound 
for ability to affect the activation by a second compound 
30 of the transcription-activating effects of a receptor 

polypeptide, which (1) in an insect cell in culture, the 
medium of which comprises retinoic acid at a 
c ncentration greater than about 5 x 10" 7 M, increases the 
rate of transcription from a promoter linked to TREp 
35 operatively f r activation f transcription by hRXR- 

alpha? and (2) has a DNA binding domain of ab ut 66 amino 
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acids with 10 Cys residues, nore than about 75 % amino 
acid identity in comparison with the DNA binding domain 
of hRXR-alpha and less than about 60 % amino acid 
identity in comparison with the DNA binding domain of 
5 hGR, said method comprising (A) a dding said f irst a nd 
second compounds, at a first ratio of concentrations, to 
a first culture of animal cells and adding said first and 
second compounds, at a second ratio of concentrations, 
significantly different from said first ratio, to a 

10 second culture of animal cells, said animal cells in both 
of said cultures being substantially the same and being 
co-transformed with (i) an expression vector, which is 
operative in the cells to make said receptor polypeptide, 
and (ii) a test vector, which comprises (a) a promoter 

15 that is operable in the cells, (b) a thyroid hormone 
response element, and (c) a DNA segment encoding an 
reporter protein, said reporter-protein-encoding DNA 
segment linked to said promoter operatively for 
transcription therefrom and said response element linked 

20 to said promoter operatively for increasing transcription 
therefrom upon binding at the element of said receptor 
polypeptide, said cells being such that the rate of 
production of said reporter protein in a culture of the 
cells, in the medium of which retinoic acid is present at 

25 5 x 10" 7 M, is significantly increased over said level of 
production in a culture of the cells, in the medium of 
which retinoic acid is present at 10" 8 H, and (B) 
comparing the rate of production of sail, reporter protein 
in said first culture with the rate of production of said 

30 reporter protein in said second culture, provided that 
the concentrations of said second compound in both 
cultures are such that, if said first compound were not 
present in said cultures, the concentrations of second 
compound would be sufficient to activate transactivation 

35 by said r ceptor protein in said cells. Preferably, the 
various cultures, in which different c ncentration ratios 
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f first and second compound are compared in accordance 
with the method for affect on rate of production of 

re porter protein, are all subcultur es of a c ommon 

culture, all have the same concentration of second 
5 compound and, in one of these cultures in a set in which 
different concentration ratios are being assessed, the 
concentration of first compound is 0. 

Puther, the invention encompasses various 
probes, which can be used to identify genes for receptors 

10 related to those with which the present invention is 

concerned. In this regard, particular reference is made 
to Example IV below. More particularly, the invention 
entails a DNA or RNA which is labelled for detection and 
comprises a segment of at least 20 bases in length which 

15 has the same sequence as (i) a segment of the same length 
from the DNA segment from bases 1 - 2271, inclusive, of 
the DMA illustrated in Figure 1 or (ii) the complement of 

said segment. 

The invention also encompasses a method of 

20 making a polypeptide which: (1) in an insect cell in 

culture, the medium of which comprises retinoic acid at a 
concentration greater than about 5 x 10* 7 M, increases the 
rate of transcription from a promoter linked to TREp 
operatively for activation of transcription by hRXR- 

25 alpha; and (2) has a DNA binding domain of about 66 amino 
acids with 10 Cys residues, more than about 75 % amino 
acid identity in comparison with the DNA binding domain 
of hRXR-alpha and less than about 60 * amino acid 
identity in comparison with the DNA binding domain of 

30 hGR, which method comprises culturing bacterial cells 

which are transformed with an expression vector operable 
in said cells to express a DNA which comprises a segment, 
which c nsists of a continuous seguenc of double- 
stranded, amino-acid-enc ding tripl ts including, at its 

35 5 1 - nd, a triplet ncoding a translati nal start c don, 
and, at its 3»-end, a triplet encoding a translati nal 
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stop codon, said continuous s quence encoding said 
polypeptide. In this method f the invention, E. coli is 
the preferred bacterial species. Any of a number of 
bacterial expresssion vectors are well known to those 

5 sk-i-l-led— in-the-ari:— that-could-be^employed^in^the-method 

of the invention. Among these are the prokaryotic 
expression vectors pNH8A, pNH16A and pNH18A available 
from Stratagene, La Jolla, California USA. 

Further information on the invention is 
10 provided in the following examples and description of a 
deposit. 

Example I 

The KpnI/SacI restriction fragment (503bp) 

15 including the DNA-binding domain of hRAR-alpha-encoding 
DNA (Giguere et al., Nature 330, 624 (1987); commonly 
asigned United States Patent Application Serial No. 
276,536, filed November 30, 1988; European Patent 
Application Publication No. 0 325 849 , all incorporated 

20 herein by reference) was nick-translated and used to 

probe a Southern blot of EcoRI-digested, genomic DNA of 
Drosophila melanogaster to identify potential homologs of 
vertebrate steroid hormone receptors. Under conditions 
of reduced hybridization stringency, six distinct EcoRI 

25 bands, ranging in size from 2 kilobases ("kb") to 12 kb, 
were detected (see Oro et al., Nature 336, 493 (1988)). 
Using the same probe and reduced stringency conditions, 
screening of a D. melanogaster genomic library in lambda - 
gtll resulted in the isolation of three classes of 

30 inserts, based on cross-hybridization under high 

stringency conditions. Representatives of each class 
were hybridized to larval salivary gland polytene 
chromosomes to identify their cytogenetic location. One 
class of inserts mapped to 2C9 on the D. melanogaster 

35 first chromosome and was labelled XR2C. A portion of the 
XR2C genomic insert hybridizing most strongly to the 
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fragment of the hRAR-alpha-encoding DNA probe was 
designated pHX3.5, subcloned and sequenced. The deduced 

amino acid sequence of one of the reading frames in 

pHX3.5 had the structural features of a steroid receptor 
5 DNA binding domain. 

pHX3.5 was used as a probe to screen a total 
third instar larval imaginal disc cDNA library from 

D. melaogaster in the EcoRI site of BluescriptR 
phagemid SK(+) (Stratagene, La Jolla, California, USA) . 

10 Six cDNA clones were identified by this procedure. The 
complete nucleotide sequence of the longest, designated 
pXR2C8, except for the overhanging EcoRI ends, is shown 
in Figure 1, along with the deduced amino acid sequence 
of the 513 amino-acid XR2C encoded by the segment of 

15 pXR2C8 from nucleotides 163 - 1701. 

The gene for XR2C has been mapped to the 
ultraspiracle locus of D. melanogaster, indicating that 
function of the XR2C receptor is essential for normal 
development and that interruption of the function early 

20 in development would be lethal. 

Example II 

Amino acid sequences of XR2C, hRXR-alpha 
(commonly owned United States Patent Application Serial 

25 No. 478,071, filed February 9, 1990, incorporated herein 
by reference) , hRAR-alpha (human retinoic acid receptor- 
alpha) (Giguere et al.. Nature 330, 624 (1987); commonly 
asigned United States Patent Application Serial No. 
276,536, filed November 30, 1988; European Patent 

30 Application Publication No. 0 325 849, all incorporated 
herein by reference) ; and hGR (human glucocorticoid 
receptor) (Hollenberg et al., Nature 318, 635 (1985), 
commonly assigned United States Patent Applicati n Serial 
No. 07/108,471, filed October 20, 1987, PCT International 

35 Publication No. W0 88/03168, all incorporated herein by 
ref rence) , were align d using the University of 



15 

Wisconsin Genetics Computer Group program "Bestf it" 
(Devereux et al., supra). Regions of significant 
similarity between XR2C and the oth r receptors, i.e., 
the 66 - 68 amino acid DNA binding domains and the 
~5 rigand-bindxng domains) are preseht^n^KeMti^ally - in 
Figures 2 as percent amino acid identity. 

From Figure 2, it is clear that XR2C is more 
closely related to human RXR-alpha than to the other two 
receptors • 

10 The DNA binding domain of XR2C is 66 amino 

acids in length (amino acids 104 - 169 of XR2C) and 
includes 10 cysteines. 

Example III 

15 Drosophila melanogaster Schneider line 2 ("S2") 

cells (Schneider, Embryol. Exp. Morphol. 27, 353 (1972), 
which are widely available and readily available to the 
skilled, are seeded at 2 x 10 6 per 35 mm 2 culture dish and 
maintained in Schneider medium (GIBCO/Life Technologies, 

20 Inc., Grand Island, New York, USA) supplemented with 

penicillin, streptomycin and 12% heat- inactivated fetal 
bovine serum (Irvine Scientific, Santa Ana, California, 
USA) . The cells are transiently cotransfected with 10 
/ig/dish plasmid DNA by calcium phosphate precipitation 

25 (Krasnow et al., Cell 57, 1031 (1989): 4.5 /ig/dish 

effector construct or control construct (producing no 
XR2C) ; 0.5 /ig/dish reporter plasmid or control reporter 
plasmid; 0.5 /ig/dish reference plasmid; and 4.5 /ig inert 
plasmid DNA. 

30 In the effector construct, i.e., receptor 

expression vector (4.5 /ig/dish), XR2C is constitutively 
expressed in the S2 cells under the control of the 
Drosophila actin 5C promoter (Thummel et al., Gene 74, 
445 (1988)) driving transcription of th EcoRI-site- 

35 bounded insert of pXR2C8. In the control vector, (al80 4 . 5 
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25 



po/.i>' **** EcoRI-sit -bounded insert from pXR2C8 is 
inserted in the reverse orientation (i.e., non-coding 
or non-sense-coding) orientation in comparison with 
the orientation in the effector construct. The 
5 effector construct is made by first inserting at 
the unique BamHI site of A5C a linker of sequence 
5 • -GATCCGATATCCATATGGAATTCGGTACCA and then inserting, in 
the XR2C-coding orientation, into the modified A5C at the 
EcoRI site of the linker the EcoRI-site-bouunded insert 
10 Of pXR2C8. 

The reporter plasmid, i.e. a test vector, 
ADH-TRE -CAT (at 0.5 /ig/dish) contains the palindromic 
thyroid hormone response element TREp, of sequence 
5 « -AGGTCATGACCT (Glass et al. Cell 54, 313 (1988); 
15 Thompson and Evans, Proc. Natl. Acad. Sci. (USA) 86, 3494 
(1989), inserted into position -33 (with respect to the 
transcription start site) of a pD33-ADH-CAT background 
(Krasnow et al.. Cell 57, 1031 (1989)). pD33-ADH-CAT is 
a plasmid with the distal promoter of the Drosophila 
20 melanogaster alcohol dehydrogenase gene linked operably 
for transcription to the bacterial (E. coli) 
chloramphenicol acetyltransf erase ("CAT") gene, a gene 
for the indicator protein CAT. ADH— TREp— CAT was made by 
inserting the oligonucleotide of sequence 



5 ' -CTAGAGGTCATGACCT 

TCCAGTACTGGAGATC— 5 ' 



into the Xbal site at the af ormentioned position -33 in 
30 pD3 3 -ADH— CAT . pD33-ADH-CAT, without TREp, served as a 

control reporter plasmid. 

A reference plasmid containing the beta- 

galactosidase transcription unit driven by the actin 5C 

pr moter also is transfected (0.5 fig/dish) along with 
35 pGEH DNA (4.5 /ig/dish) (Promega, Madison, Wisvonsin) to 

make up th final DNA concentration to 10 /ig/dish. The 
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ref r nc plasmid is made by inserting a BamHI-site 
bounded, beta-galactosidas -enc ding s gm nt int the 
unique BamHI site of A5C. The purpose of the ref rence 
plasmid was to normalize results for transfection 
5 efficienc y. 



10 
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24 h post-transfection, retinoic acid is added 
to the cultures. The retinoic acid is dissolved in 
ethanol and the resulting solution is added to 0.1 % v/v 
of culture medium. Initial concetration of the retinoic 
acid in the culture media is 10* 6 M, 5 x 10' 7 M or 10' 8 M. 

In control runs, ethanol, at 0.1 * v/v in the 
medium, is used in place of a solution of retinoid. 

Cultures are maintained in the dark for 36 hr 
after addition of retinoic acid and then harvested. All 
other parts of the experiments were carried out in 

subdued light. 

Cell lysates are centrifuged. Supernatants are 
assayed for beta-galactosidase , following Herbomel et 
al., Cell 39, 653-662 (1984), and units/ml of beta- 

20 galactosidase activity is calculated. CAT assays 

(normalized to beta-gal activity) of supernatants are 
incubated for 75 unit-hours ("units" referring to units 
of beta-gal actvity) , as described by Gorman et al., Mol. 
Cell. Biol. 2, 1044 (1982), usually 150 units for 30 

25 minutes. 

No XR2C-dependent activation of CAT expression 
is noted in any experiment in which control reporter is 
used in place of ADH-TREp-CAT. Similarly, essentially no 
acti-vation is observed for runs where control effector 
30 plasmid is used in place of effector plasmid. 

Results are expressed in terms of fold- 
induction o£ CAT activity in retinoic acid-treated cells 
in comparison with untreated (i.e., only ethanol-treated) 
cells. 

35 The level of expression of CAT is bs rved to 

increase between th test cells exposed to an initial 
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cone ntration of retinoic acid of 10" 6 M (high r level of 
expression) and those exposed t an initial concentration 
of retinoic acid of 5 x 1(T 7 M. Similarly , the level of 
expression with test cells exposed to an initial 
5 concentra-tion of retinoic acid of 5 x 10 " 7 M is 
observed to be significantly higher than with cells 
exposed to an initial concentration of retinoic acid of 
1(T 8 M. 

10 Example 4 

To analyze insect DNA for homologs of XR2C, two 
genomic DNA Southern blots are prepared in parallel with 
identical DNA samples from insects of a particular 
species. The blots are hybridized at high or low 

15 stringency with a ~1300 bp [ 32 P] -labelled fragment of 

pXR2C8 which includes the coding portions of the DNA and 
ligand binding domains (nucleotides 472 * 1701, Fig.l ) 
or an approx. 450 bp ^P-labelled Pstl-BamHI fragment 
(approx. nucleotide 419 - approx. nucleotide 774) 

20 including the DNA encoding the DNA-binding domain 
(nucleotides 472 - 669 , Fig. 1). 

Blots are hybridized at 42 °C in a low 
stringency buffer (35 % formamide, 1 X Denhardt's, 5 X 
SSPE (1 X SSPE « 0.15 M NaCl f 10 mM NagHPO^, 1 mM EDTA) , 

25 0.1 % SDS, 10 % dextran sulfate, 100 mg/ml denatured 

salmon sperm DNA and 106 cpm of ^P-labelled probe) for 
low stringency hybridization or at high stringency in the 
same buffer modified by addition of formamide to 50 %. 
Low stringency blots are washed twice at room temperature 

30 and twice at 50 °C in 2X SSC, 0.1* SDS. The high 

stringency blot is washed twice at room temperature in 2X 
SSC, 0.1% SDS and twice at 65° C in 0.5X SSC, 0*1% SDS. 



35 



Deposit 

On November 10, 1989, viabl cultures f E. 
coli DH5 transformed with pXR2C8 were dep sited under the 
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t rms of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the 
Purposes of Patent Procedure at the Am rican Type Culture 
Collection, Rockville, Maryland, USA ("ATCC") • The 
5 accession number assigned to this~deposit is ATCC 68171. 

Samples of E. coli DH5(pXR2C8) will be publicly 
available from the ATCC without restriction, except as 
provided in 37 CFR 1.801 et seq. , at the latest on the 
date an United States Patent first issues on this 

10 application or a continuing application thereof. 

Otherwise, in accordance with the Budapest Treaty and the 
regulations promulgated thereunder, samples will be 
available from the ATCC to all persons legally entitled 
to receive them under the law and regulations of any 

15 country or international organization in which an 

application, claiming priority of this application, is 
filed or in which a patent based on any such application 
is granted. 

Although the invention has been described 

20 herein with some specificity, those of skill in the art 
will recognize modifications and variations of what has 
been described that fall within the spirit of the 
invention. These modifications and variations are also 
intended to be within the scope of the invention as 

25 described and claimed. 
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WHAT IS CLAIMED: 



1. A substantially pure DNA sequence which 



encodes a polypeptide, wherein said polypeptide is 
5 characterized by: 

(1) being responsive to the presence of 
retinoic acid to regulate the 
transcription of associated gene(s) ; and 

(2) having a DNA binding domain of about 66 
10 amino acids with 10 Cys residues, wherein 

said DNA binding domain has: 

(a) more than about 75 % amino acid 

identity in comparison with the DNA 
binding domain of hRXR-alpha, and 
15 (b) less than about 60 % amino acid 

identity in comparison with the DNA 
binding domain of hGR. 

2. A DNA according to Claim 1 wherein the 

20 polypeptide encoded by said DNA comprises a DNA binding 
domain with substantially the same sequence as that of 
amino acids 104 - 169 shown in Figure 1. 

3. A DNA according to Claim 2 wherein the 
25 polypeptide encoded by said DNA has substantially the 

same sequence as that of amino acids 1-513 shown in 
Figure 1. 

4. A DNA according to Claim 3 wherein said DNA 
30 comprises a segment with substantially the same 

nucleotide sequence as nucleotides 163 - 1704 shown in 
Figure 1. 



35 



5. A DNA according t Claim 4 which is pXR2C8. 
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6. A DNA according to any one of Claims 1-4, 
wherein said DNA is c ntained in an expressi n vector 
which is operative in an insect cell in culture to make 
said polypeptide by expression of said DNA in said cell. 

-5 

7. A DNA according to Claim 6 wherein 
transcription of said DNA is controlled by the Drosophila 
melanogaster actin 5C promoter. 

10 8. An insect cell which is transformed with an 

expression vector according to Claim 6 or 7. 



9. A -ell according to Claim 8 which is a 
Drosophila melan aster Schneider line 2 cell. 

15 

10. A cell accord- *g to Claim 8 or 9, wherein 
said cell is further transformed with a reporter vector 
which comprises: 

(a) a promoter that is operable in said cell, 
20 (b) .a hormone response element, and 

(c) a DNA segment encoding a reporter protein, 
wherein said reporter protein- 
encoding DNA segment is operatively linked 
to said promoter for transcription of said 
25 DNA segment, and 

wherein said hormone response element 
is operatively linked to said promoter for 
activation thereof. 

30 11. A cell according to Claim 10 wherein: 

the promoter driving transcription of the reporter 
gene is the distal promoter of the Drosophila 
melanogaster alcohol dehydrogenase gene, 

the hormone response element is selected from 

35 TREp or beta-RARE, and 
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the reporter protein is chl ramphenicol 
acetyltransf erase . 



12. A cell according to Claim 11 wherein the 
5 reporter vector is the plasmid ADH-TREp-CAT. 

13. A method ot testing compound (s) for the 
ability thereof to activate the transcription-activating 
effects of receptor polypeptide (s) , said method 

10 comprising: 

assaying for the presence or absence of 
reporter protein upon contacting of cells containing 
receptor polypeptide and reporter vector with said 
compound (s) ; 

15 wherein said receptor polypeptide is 

characterized by: 

(1) being responsive to the presence of 
retinoic acid to regulate the 
transcription of associated gene(s) ; and 
20 (2) having a DNA binding domain of about 66 

amino acids with 10 Cys residues , wherein 
said DNA binding domain has: 

(a) more than about 75 % amino acid 
identity in comparison with the DNA 

25 binding domain of hRXR-alpha, and 

(b) less than about 60 % amino acid 
identity in comparison with the DNA 
binding domain of hGR, and 

wherein said reporter vector comprises: 
30 (a) a promoter that is operable in said 

cell, 

(b) a hormone response element, and 

(c) a DNA segment encoding a reporter 
pr tein, 
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wherein said rep rter protein-encoding DNA 
segment i6 operatively linked to said promoter 
for transcription of said DNA segment, and 

wherein said hormone response element is 

5 - operatively^-linked-to~said-promoter~for 

activation thereof. 

14* A method according to Claim 13 wherein 
said receptor polypeptide is produced by an expression 
10 vector, which is operative in the cells to make said 
polypeptide. 



WO 



15. A method according to Claim 13 wherein the 
cells employed are Drosophila melanogaster Schneider line 
15 2 cells co-transformed with: 

(1) a DNA sequence which encodes a 
polypeptide, contained in an 
expression vector which is operative 
in an insect cell in culture to make 
20 said polypeptide by expression of 

said DNA in said cell, wherein said 
polypeptide is characterized by: 

(1) being responsive to the presence of 
retinoic acid to regulate the 

25 transcription of associated gene(s) ; 

and 

(2) having a DNA binding domain of about 
66 amino acids with 10 Cys residues, 
wherein said DNA binding domain has: 

30 (a) moire than about 75 % amino acid 

identity in comparison with the 
DNA binding domain of 
hRXR-alpha , and 
(b) less than about 60 % amino acid 
35 id ntity in comparison with th 

DNA binding domain f hGR; and 
(II) ADH-TREp-CAT. 
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16. A DNA r RNA which is labelled for 
detection and comprises a segment of at least 20 bases in 
len gth which has substantial ly the same s e quence as 



either: 

5 (i) a segment of the same length from the 

DNA segment from bases 1 - 2271, 
inclusive, of the DNA illustrated in 
Figure 1, or 
(ii) the complement of said segment. 

10 

17. A method of making a receptor polypeptide, 
wherein said receptor polypeptide is characterized by: 

(1) being responsive to the presence of 
retinoic acid to regulate the 

15 transcription of associated gene(s) ; 

and 

(2) having a DNA binding domain of about 
66 amino acids with 10 Cys residues, 
wherein said DNA binding domain has: 

20 (a) more than about 75 % amino acid 

identity in comparison with the 
DNA binding domain of 
hRXR-alpha, and 
(b) less than about 60 % amino acid 
25 identity in comparison with the 

DNA binding domain of hGR, 
said method comprising: 

culturing cells which are transformed with an 
expression vector operable in said cells to express a DNA 
30 which encodes said polypeptide. 

18. A method according to Claim 17 wherein the 
prot in encoded by said DNA comprises a DNA binding 
domain with substantially the same sequence as that of 

35 amino acids 104 - 169 shown in Figur 1. 
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19. A method according to Claim 18 wherein the 
protein encoded by said DNA has substantially th same 
sequence as that of amino acids 1 - 513 shown in 

Figure 1. 

- 5 — — 

20. A method according to Claim 20 wherein the 
DNA from which said protein is expressed comprises a 
segment with a nucleotide sequence substantially the same 
as the sequence of nucleotides 163 - 1704 shown in 

10 Figure 1. 
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(57) Abstract 
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+ Any designation of "SIT" has effect in the Russian Federation. It is not yet known whether 
sny such designation has effect in other States of the former Soviet Union. 
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